Introduction 38
Single-sided deafness (SSD) is an extreme case of asymmetric hearing. The deaf ear cannot 39 respond to sound stimulation. The good ear provides all auditory information to the central 40 nervous system (CNS) without input from the bad ear for further processing. SSD can be 41 congenital or acquired. Etiologies of acquired SSD include idiopathic sudden sensorineural 42 hearing loss, Meniere's disease, lateral skull base neoplasms, and trauma. Although an 43 accurate estimate of SSD prevalence is not available, unilateral hearing loss prevalence has 44 been reported to range from 3.0% to 9.3% in different populations (Ross et The notable auditory consequences of SSD are poor sound localization and higher 47 SSD subjects and normal hearing controls underwent pure tone audiometry (air and bone 124 conduction thresholds at 0.5, 1, 2, 3, 4, 6 and 8 kHz), and MRI and MEG data acquisition. 125 SSD was defined as unilateral deafness where the average threshold difference between the 126 two ears was over 50 dB HL, with normal or nearly normal hearing in the good ear. A total of 127 29 SSD patients and 29 normal hearing controls were enrolled in this study. Detailed 128 demographic information are reported in Table 1 . No statistical differences were found 129 between the two groups with regard to age, sex, or handedness. The average pure tone 130 audiometry thresholds of 0.5, 1, 2 and 4 kHz for the deaf ear and good ear were 95.8 and 10.4 131 dB HL, respectively. For controls, air conduction thresholds were ≤ 25 dB HL from 0.5 to 4 132 kHz in both ears. 133
Exclusion criteria for both groups included subjects with a history of implanted bone 134 conduction device, significant head trauma, seizure disorder, cerebrovascular accident, 135 magnetic artifact, or any other contraindication to MRI. 136 This study protocol was approved by the Committee on Human Research at University of 137 California, San Francisco. Informed consent was obtained from all subjects.
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140
MEG and MRI acquisition 141
Each subject underwent MEG scan on a 275-channel whole-head MEG system (CTF, 142 Coquitlam, British Columbia, Canada) consisting of 275 axial gradiometers (sampling rate 143 = 600 Hz). Three fiducial coils including the nasion and the left/right pre-auricular points 144 were placed to localize the position of the head relative to the sensor array. These points 145
were later co-registered to a T1-weighted MRI to generate a head shape. Data collection 146 was optimized to minimize within-session head movements to not exceed 0.5 cm. Four 147 minutes of continuous recording was collected from each subject lying supine, awake, and 148 with eyes closed. As in prior MEG studies, we selected a 60-second epoch of contiguous 149 stationary data for MEG source data analysis (Ranasinghe et al. 2014 2014). Artifact free segments were selected by using signal amplitudes less than a threshold 155 of 10 pT, and by visually inspecting the sensor data to identify segments without artifacts 156 generated by eyeblinks, saccades, head movements, or muscle contractions (Ranasinghe et 157 al. 2014 ). SSD and control cohort data were within our specified limits of signal 158 fluctuations. Structural MRI magnetization-prepared rapid gradient echo (MPRAGE) scans 159 were acquired on a 3.0 Tesla MRI Scanner (Discovery MR750, GE Medical system, 160
Waukesha, WI) with T1-weighting, 1.5 slice thickness, and sagittal acquisition plane for 161 overlay of MEG reconstructions. 162
163
Data processing 164
We examined resting-state power and functional connectivity of alpha-band oscillations. 165
Source-space MEG image reconstructions and functional connectivity metrics were 166 computed with the Nutmeg software suite (http://nutmeg.berkeley.edu) (Dalal et al., 2011) . 167
Time-frequency optimized adaptive spatial filters were used to reconstruct a tomographic 168 volume of the electromagnetic neural activity at each brain voxel from the MEG sensor data 169 (Dalal et al., 2008) . In order to generate these volumes, a fourth order Butterworth filter 170 with cutoff frequencies of 1 and 50 Hz was applied to the MEG data and a spatial 171 covariance matrix was calculated for the 60 second segment of artifact-free sensor data. The 172 lead-field matrix, corresponding to the forward solution for a unit dipole at a particular 173 location, was computed for each brain voxel (generated from each subject's T1-weighted 174 MRI). Co-registration of structural MRI scans and MEG data was achieved by localizing 175 three fiducials attached to the subject's head (nasion and preauricular points) before and 176 after each MEG scan and marking the same points on the subject's structural MRI. A spatial 177 To provide a comprehensive survey of functional connectivity changes in SSD patients, we 208 placed seeds at the following ROIs: primary auditory cortex (A1), primary visual cortex 209 (V1), and the posterior cingulate cortex (PCC). Except for the PCC, all seeds were placed 210 bilaterally, resulting in a total of five seed ROIs. For each subject, seed voxels were within 211 10 mm from the centroids MNI coordinates listed in Table 2 . The coordinates of the PCC 212 seed were chosen according to a previous study (Fox et al., 2005) , and the coordinates of 213 A1 and V1 represent the center of mass for transverse temporal gyrus and Brodmann area 214 (BA) 17, respectively, which were generated from the Wake Forest University PickAtlas 215 toolbox3 (http://fmri.wfubmc.edu/software/pickatlas). We examined the maximum 216 functional connectivity for each seed for outlier detection and identified one subject with 217 left SSD whose maximum functional connectivity was several standard deviations above 218 the rest of the cohort. This subject excluded for left and right V1 seeded functional 219 connectivity analyses. 220
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Results 224
Resting-state power 225
All results reported refer to a comparison between the SSD and control cohorts. There was 226 decreased power in the alpha-band (8-12Hz) in the left middle temporal gyrus (Fig. 1 , Table  227 3). 228
Global functional connectivity 232
Decreased global functional connectivity in the alpha-band was observed in both frontal lobes, 233 with the peak regions located at the right middle frontal gyrus, and left middle frontal and 234 superior frontal gyri (Fig. 2, Table 3 ). Increased global functional connectivity was 235 observed in the left occipital lobe, with the peak region located at the cuneus (Fig. 2, Table 3 ). 236
Although MEG imaging has reduced sensitivity to cerebellar activity, we nevertheless 237 observed increased functional connectivity in the cerebellum and we report this finding for 238 completeness in Table 3 . 239
Seeded functional connectivity 244
For left A1 seed, decreased connectivity was observed in the left superior temporal gyrus 245 and right occipital lobe, with peak regions located in middle occipital gyrus and precuneus 246 (Fig. 3, Table 3 ). For the right A1 seed, decreased connectivity was observed in the left 247 middle frontal gyrus, but increased connectivity was observed in the right parietal lobe, with 248 the peak region located at the right superior parietal lobule (Fig. 3, Table 3 ). 249
For the left V1 seed, increased connectivity was observed in frontal, parietal and occipital 250 lobes, with peak regions located in left postcentral gyrus, middle occipital gyrus, right 251 precuneus, and both medial frontal gyri (Fig. 4, Table 3 ). For the right V1 seed, increased 252 connectivity was observed in occipital and parietal lobes, with the peak regions located at 253 the right middle occipital gyrus and left inferior parietal lobule. Decreased connectivity 254 was observed in the left temporal lobe, with the peak region located in the superior temporal 255 gyrus (Fig. 4, Table 3 ). Although MEG imaging has reduced sensitivity to cerebellar 256 activity, we nevertheless observe increased functional connectivity in the cerebellum for 257 both left and right V1 seeds and we report those findings for the completeness (Table 3) . 258
For the PCC seed, decreased connectivity was observed in the left frontal lobe, with the 259 peak region located at the left superior frontal gyrus (Fig. 5, Table 3) . 260
We examined resting-state MEG data in a cohort of long-term, adult-onset SSD patients. We 267 investigated voxel level resting-state alpha band (8-12 Hz) power and functional connectivity 268 using MEG imaging of auditory, visual, and default mode networks. which is consistent with the present study. However, in contrast to decreased connectivity 292 observed in the current study, increased connectivity was observed in the temporal lobe in 293 that study. The sources of this discrepancy remain unclear. 294 295
Cross-modal plasticity 296
Cross-modal plasticity refers to functional reorganization when a particular input becomes 297 absent and regions of the brain usually dedicated to processing input from that modality will 298 become responsive to stimulation by another modality. According to our global functional 299 connectivity analysis, increases were observed in the left occipital lobe, encompassing 300 secondary visual and visual associated cortices. Being a "data-driven" method that was 301 unbiased and did not preselect neural networks to interrogate, these findings imply that SSD 
